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 Question 1: Should Lymph Node Sampling Be Performed in a Patient Presenting with Asymptomatic Bilateral Hilar Lymphadenopathy?

 Question 2: Should Patients with Suspected Sarcoidosis and Mediastinal and/or Hilar Lymphadenopathy, for Whom It Has Been Determined That Tissue Sampling Is Necessary, Undergo EBUS-guided Lymph Node Sampling or Mediastinoscopy as the Initial Mediastinal and/or Hilar Lymph Node Sampling Procedure?

 Question 3: Should Patients with Sarcoidosis Who Do Not Have Ocular Symptoms Undergo Screening for Ocular Sarcoidosis by Routine Eye Examination?

 Question 4: Should Patients with Sarcoidosis Who Do Not Have Renal Symptoms Undergo Screening for Renal Sarcoidosis by Routine Serum Creatinine Testing?

 Question 5: Should Patients with Sarcoidosis Who Do Not Have Hepatic Symptoms Undergo Screening for Hepatic Sarcoidosis by Routine Transaminase and Alkaline Phosphatase Testing?

 Question 6: Should Patients with Sarcoidosis Who Do Not Have Symptoms or Signs of Hypercalcemia Undergo Screening for Abnormal Calcium Metabolism by Routine Serum Calcium and Vitamin D Testing?

 Question 7: Should Patients with Sarcoidosis Undergo Screening for Hematological Abnormalities by Routine Complete Blood Cell Count Testing?

 Question 8: Should Patients with Sarcoidosis Who Do Not Have Cardiac Symptoms or Signs Undergo Routine Screening for Cardiac Sarcoidosis using ECG, TTE, or 24-Hour Ambulatory ECG Monitoring?

 Question 9: Should Patients Who Are Suspected of Having Cardiac Sarcoidosis Undergo Cardiac MRI, TTE, or PET as an Initial Imaging Test?

 Question 10: Should Patients with Sarcoidosis Who Are Suspected of Having PH Undergo TTE?

Conclusions

Summary of Recommendations
==========================

Lymph Node Sampling
-------------------

1.**In patients for whom there is a high clinical suspicion for sarcoidosis (e.g., Löfgren's syndrome, lupus pernio, or Heerfordt's syndrome), we suggest NOT sampling lymph nodes** (conditional recommendation, very low-quality evidence). *Remarks:* Patients who do not undergo lymph node sampling require close clinical follow-up.2.**For patients presenting with asymptomatic, bilateral hilar lymphadenopathy, we make no recommendations for or against obtaining a lymph node sample.** *Remarks*: If lymph node sampling is not obtained, close clinical follow-up is a reasonable alternative approach.3.**For patients with suspected sarcoidosis and mediastinal and/or hilar lymphadenopathy for whom it has been determined that tissue sampling is necessary, we suggest endobronchial ultrasound (EBUS)-guided lymph node sampling, rather than mediastinoscopy, as the initial mediastinal and/or hilar lymph node sampling procedure** (conditional recommendation, very low-quality evidence).

Screening for Extrapulmonary Disease
------------------------------------

1.**For patients with sarcoidosis who do not have ocular symptoms, we suggest a baseline eye examination to screen for ocular sarcoidosis** (conditional recommendation, very low-quality evidence).2.**For patients with sarcoidosis who have neither renal symptoms nor established renal sarcoidosis, we suggest baseline serum creatinine testing to screen for renal sarcoidosis** (conditional recommendation, very low-quality evidence).3.**For patients with sarcoidosis who have neither hepatic symptoms nor established hepatic sarcoidosis, we suggest baseline serum alkaline phosphatase testing to screen for hepatic sarcoidosis** (conditional recommendation, very low-quality evidence).4.**For patients with sarcoidosis who have neither hepatic symptoms nor established hepatic sarcoidosis, we make no recommendation for or against baseline serum transaminase testing.**5.**For patients with sarcoidosis who do not have symptoms or signs of hypercalcemia, we recommend baseline serum calcium testing to screen for abnormal calcium metabolism** (strong recommendation, very low-quality evidence).6.**If assessment of vitamin D metabolism is deemed necessary in a patient with sarcoidosis, such as to determine if vitamin D replacement is indicated, we suggest measuring both 25- and 1,25-OH vitamin D levels before vitamin D replacement** (conditional recommendation, very low-quality evidence).7.**We suggest that patients with sarcoidosis undergo baseline complete blood cell count testing to screen for hematological abnormalities** (conditional recommendation, very low-quality evidence).8.**For patients with extracardiac sarcoidosis who do not have cardiac symptoms or signs, we suggest performing baseline ECG to screen for possible cardiac involvement** (conditional recommendation, very low-quality evidence).9.**For patients with extracardiac sarcoidosis who do not have cardiac symptoms or signs, we suggest NOT performing routine baseline transthoracic echocardiography (TTE) or 24-hour ambulatory ECG (Holter) monitoring to screen for possible cardiac involvement** (conditional recommendation, very low-quality evidence). *Remarks:* The panel recognizes the low risks attendant to the use of TTE or Holter to screen for cardiac sarcoidosis. Thus, these tests should be considered on a case-by-case basis.

Diagnostic Evaluation of Suspected Extrapulmonary Disease
---------------------------------------------------------

1.**For patients with extracardiac sarcoidosis and suspected cardiac involvement, we suggest cardiac magnetic resonance imaging (MRI), rather than positron emission tomography (PET) or TTE, to obtain both diagnostic and prognostic information** (conditional recommendation, very low-quality evidence).2.**For patients with extracardiac sarcoidosis and suspected cardiac involvement who are being managed in a setting in which cardiac MRI is not available, we suggest dedicated PET, rather than TTE, to obtain diagnostic and prognostic information** (conditional recommendation, very low-quality evidence).3.**For patients with sarcoidosis in whom pulmonary hypertension (PH) is suspected, we suggest initial testing with TTE** (conditional recommendation, very low-quality evidence). *Remarks*: "PH is suspected" refers to clinical manifestations, including exertional chest pain and/or syncope, exam findings of a prominent P2 or S4, reduced 6-minute walk distance, desaturation with exercise, reduced D[l]{.smallcaps}~CO~, increased pulmonary artery diameter relative to ascending aorta diameter (e.g., by computed tomography \[CT\] scan), elevated brain natriuretic factor, and/or fibrotic lung disease.4.**For patients with sarcoidosis in whom PH is suspected and a transthoracic echocardiogram is suggestive of PH, we suggest right heart catheterization to definitively confirm or exclude PH** (conditional recommendation, very low-quality evidence).5.**For patients with sarcoidosis in whom PH is suspected and a transthoracic echocardiogram is NOT suggestive of PH, the need for right heart catheterization should be determined on a case-by-case basis** (best practice statement).

Introduction
============

The purpose of this clinical practice guideline is to make recommendations that address uncertainties that are commonly confronted by clinicians relating to the diagnosis and detection of sarcoidosis. The target audience is pulmonary, rheumatology, or other clinicians who manage patients with suspected or confirmed pulmonary sarcoidosis. This guideline was developed by an *ad hoc* committee of experts from the American Thoracic Society with guidance from experienced methodologists to objectively identify and summarize the best available evidence. The quality of the evidence was poor in most cases, reflecting the need for additional high-quality research to guide clinical practice. As such, clinicians, patients, payers, and other stakeholders should not consider these recommendations as mandates. Moreover, no guideline or recommendation can consider all potential clinical circumstances. Thus, clinicians are encouraged to apply the recommendations within the clinical context of each individual patient, including the patient's values and preferences, and on the basis of regional factors, such as the prevalence of alternative diagnoses or consideration of alternative diagnostic approaches when the preferred diagnostic modality is unavailable.

Methods
=======

A multidisciplinary panel of experts in sarcoidosis was composed to construct clinically important questions related to diagnostic testing for sarcoidosis. Systematic reviews were then performed to inform recommendations that answered each question. The panel used the Grading of Recommendations, Assessment, Development, and Evaluation approach to formulate and grade the strength of the recommendations. The guideline included three patients who participated on the guideline panel and provided perspective on patient values and preferences. A detailed description of the methods, including the implications of the strengths of the recommendation (i.e., strong vs. conditional) and the meaning of best practice statements, are described in the online supplement. The guideline underwent anonymous peer review by four content experts and one methodologist. After multiple cycles of review and revision, the guideline was reviewed and approved by a multidisciplinary board of directors. The guideline will be reviewed by the American Thoracic Society 3 years after publication, and it will be determined if updating is necessary.

Diagnosis
=========

The diagnosis of sarcoidosis is not standardized, but is based on three major criteria: a compatible clinical presentation, the finding of nonnecrotizing granulomatous inflammation in one or more tissue samples (not always required, as discussed subsequently here), and the exclusion of alternative causes of granulomatous disease. Presently, there are no established objective measures to determine if each of these diagnostic criteria has been satisfied, and, therefore, the diagnosis of sarcoidosis is never fully secure. In this section of the article, these three diagnostic criteria will be discussed separately.

Clinical Presentation
---------------------

The clinical presentation of sarcoidosis exhibits a spectrum of manifestations ranging from the asymptomatic state to that of progressive and relapsing disease. Disease progression often leads to pulmonary impairment or, in some cases, death due to complications of progressive pulmonary fibrosis or from cardiac involvement, including sudden cardiac death (arrhythmias) or congestive heart failure (myocarditis). The global health implications of sarcoidosis remain unknown, but new evidence indicates that the disease is much more prevalent than previously estimated ([@bib1]), and mortality among patients with sarcoidosis is much higher than previously reported in some patient populations (e.g., 2.4-times higher mortality in African American women with sarcoidosis compared with a matching cohort without sarcoidosis \[[@bib2]\]). There is great variability in the number of organs clinically involved with sarcoidosis, which adds to diagnostic uncertainty based on highly variable clinical presentations. Whereas many sarcoidosis cases are a diagnostic dilemma, certain clinical features of sarcoidosis are considered so highly specific for the disease that they have been deemed diagnostic ([@bib3]). These include Löfgren's syndrome ([@bib4]), lupus pernio ([@bib5]), and Heerfordt's syndrome ([@bib6]). Other features have been strongly associated with sarcoidosis, such as bilateral hilar adenopathy in patients without B symptoms (fevers, night sweats, and weight loss) ([@bib7]).

To standardize organ involvement in sarcoidosis, consensus criteria were originally established in 1999 ([@bib8]) and updated in 2014 ([@bib9]). These instruments assumed that the patient had known sarcoidosis, and assessed the probability of specific organ involvement. The 2014 document was sponsored by the World Association of Sarcoidosis and Other Granulomatous Disorders. In that document, the criteria for sarcoidosis involvement of each organ were established on the basis of consensus among sarcoidosis experts using a structured Delphi methodology, and the confidence of organ involvement was further qualified on a scale of highly probable, probable, or possible. Consensus for a specific criterion was considered achieved if more than 70% of the experts agreed. Some clinical features failed to reach a consensus. Two recent reports using similar methodology from groups of sarcoidosis experts have developed clinical criteria for the diagnosis of cardiac ([@bib10]) and neurologic sarcoidosis ([@bib11]).

[Table 1](#tbl1){ref-type="table"} provides a summary of clinical features and related relative probabilities supporting a diagnosis of sarcoidosis based on history, physical examination, imaging, and laboratory testing. This table is not an exhaustive list of the clinical manifestations of sarcoidosis, but encompasses clinical features of sarcoidosis that are relatively common and specific enough to inform the clinical suspicion of the disease. In recognition of the central role of imaging during the initial assessment of interstitial lung diseases, as briefly summarized in [Table 1](#tbl1){ref-type="table"}, we refer the interested reader to a more comprehensive review of this topic ([@bib12]). This table has also simplified certain criteria from the more detailed World Association of Sarcoidosis and Other Granulomatous Disorders document ([@bib8]), such as by combining various forms of uveitis under one heading.

###### 

Clinical Features Supportive of a Diagnosis of Sarcoidosis

                                                                                                                                   Highly Probable                                                                     Probable
  ------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------- ---------------------------------------------------------
  History                                                                                                       Löfgren's syndrome[\*](#tblfn1){ref-type="table-fn"}                                        Seventh cranial nerve paralysis
  Treatment-responsive renal failure                                                                                                                                                           
  Treatment-responsive CM or AVNB                                                                                                                                                              
  Spontaneous/inducible VT with no risk factors                                                                                                                                                
  Physical                                                                                                                          Lupus pernio                                                Maculopapular, erythematous, or violaceous skin lesions
  Uveitis                                                                                                                       Subcutaneous nodules                                           
  Optic neuritis                                                                                                                      Scleritis                                                
  Erythema nodosum                                                                                                                    Retinitis                                                
  Lacrimal gland swelling                                                                                                                                                                      
  Granulomatous lesions on direct laryngoscopy                                                                                                                                                 
  Symmetrical parotid enlargement                                                                                                                                                              
  Hepato-/splenomegaly                                                                                                                                                                         
  Imaging                                                                                                           Bilateral hilar adenopathy (CXR, CT, and PET)                                Upper lobe or diffuse infiltrates (CXR, CT, and PET)
  Perilymphatic nodules (chest CT)                                                                                          Peribronchial thickening (CT)                                      
  Gadolinium enhancement on MRI (CNS)                                                                       Two or more enlarged extra thoracic nodes (CT, MRI, and PET)                       
  Osteolysis, cysts/punched-out lesion, trabecular pattern bone (X-ray, CT, and MRI)                      Increased inflammatory activity in heart (MRI, PET, and gallium)                     
  Parotid uptake (gallium and PET)                                                                  Imaging showing enlargement or nodules in liver or spleen (CT, PET, and MRI)               
  Inflammatory lesions in bone (gallium, PET, and MRI)                                                                                                                                         
  Other testing                                                                         Hypercalcemia or hypercalciuria with abnormal vitamin D metabolism[^†^](#tblfn2){ref-type="table-fn"}      Reduced LVEF with no risk factors (echo and MRI)
  Elevated ACE level test[^‡^](#tblfn3){ref-type="table-fn"}                                                                                                                                   
  Nephrolithiasis with calcium stone, no vitamin D testing                                                                                                                                     
  BAL lymphocytosis or elevated CD4:CD8 ratio                                                                                                                                                  
  Alkaline phosphatase greater than three times the upper limit of normal                                                                                                                      
  New-onset, third-degree AV block in young or middle-aged adults                                                                                                                              

*Definition of abbreviations*: ACE = angiotensin-converting enzyme; AV = atrioventricular; AVNB = atrioventricular node block; CM = cardiomyopathy; CNS = central nervous system; CT = computed tomography; CXR = chest X-ray; LVEF = left ventricular ejection fraction; MRI = magnetic resonance imaging; PET = positron emission tomography; VT = ventricular tachycardia.

Löfgren's syndrome is defined as bilateral hilar adenopathy with erythema nodosum and/or periarticular arthritis.

Abnormal vitamin D metabolism is defined as normal to low parathyroid hormone, normal to elevated 1,25-dihydroxyvitamin D, and normal to low 25-hydroxyvitamin D.

ACE elevated above 50% of the upper limit of normal was considered abnormal.

[Table 1](#tbl1){ref-type="table"} does not account for the presence of multiple clinical features for the diagnosis of sarcoidosis that may reinforce the diagnosis of sarcoidosis beyond that when only one feature is present. Nevertheless, we endorse the proposed list of clinical features to aid clinicians during the initial diagnostic evaluation of patients with suspected sarcoidosis.

Histopathology
--------------

Given that the clinical manifestations of sarcoidosis are often nonspecific, histological evaluation of tissue granulomas is often required to establish the diagnosis. Histological features that are typical of a sarcoidosis granuloma include the presence of well-formed, concentrically arranged layers of immune cells, most prominent being the central core of macrophage aggregates and multinucleated giant cells. An outer layer of loosely organized lymphocytes, mostly T cells, is often observed with a few interposed dendritic cells. In some cases, the granulomas are surrounded by isolated collections of B lymphocytes. Sarcoidosis granulomas are most often nonnecrotic; however, variants of sarcoidosis, particularly the nodular pulmonary sarcoidosis phenotype, can present with a mixture of necrotic and nonnecrotic granulomas ([@bib13]).

The differential diagnosis of granulomatous diseases is broad, as noted in the next section. [Table 2](#tbl2){ref-type="table"} and [Figure 1](#fig1){ref-type="fig"} provide histopathological features that are useful for discriminating sarcoidosis from other causes, although histopathologic features alone cannot distinguish sarcoidosis from other granulomatous diseases. Certain granulomatous diseases may have similar histological features, such as berylliosis (chronic beryllium disease).

###### 

Key Pathological Features of Sarcoidosis

  Favors Sarcoidosis                                                                                                                                                                        Against Sarcoidosis
  ------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------
  Granuloma presence                                                                                                                                                                                  
   Numerous                                                                                                                                                                                         Few
   Absent but with nodular hyalinized fibrosis representing healed granulomas (scattered multinucleated giant cells may be detectable)                                                             Absent
  Granuloma morphology                                                                                                                                                                                
   Compact, tightly formed collections of large "epithelioid" histiocytes and multinucleated giant cells. Granulomas tend to stay discrete                   Loosely organized collections of mononuclear phagocytes/multinucleated giant cells
   Nonnecrotic or focal and usually minimal ischemic necrosis                                                                                                                               • Extensive necrosis
  • Dirty necrosis (containing nuclear debris)                                                                                               
  • Palisading granulomas                                                                                                                    
   Fibrosis beginning at the granuloma periphery with extension centrally into the granuloma, with or without calcification                                                                           
  Lesion location                                                                                                                            
   Perilymphatic; around bronchovascular bundles and fibrous septa containing pulmonary veins, and near visceral pleura                                                             • Lack of lymphangitic distribution
  • Intraalveolar granulomas                                                                                                                 
   In necrotizing sarcoid angiitis and granulomatosis: granulomatous angiitis with invasion of vascular walls                                                                                         
                                                                                                                                             
  Accompanying histology                                                                                                                                                                              
   Sparse surrounding lymphocytic infiltrate                                                                                                  • Robust surrounding inflammatory infiltrate (including lymphocytes, neutrophils, eosinophils, and plasma cells)
  • Secondary lymphoid follicles                                                                                                             
  Microorganism stains and cultures                                                                                                                                                                   
   Negative                                                                                                                                                                                       Positive
  Multidisciplinary clinical features                                                                                                                                                                 
   Intra- and extrathoracic involvement                                                                                                                                                Extrathoracic involvement only

![Comparison of pulmonary sarcoidosis granuloma histology to other granulomatous lung diseases. (*A*) Typical sarcoidosis histology with well-formed granulomas comprised of macrophage aggregates (G) and featuring multinucleated giant cells (white arrows, inset), with minimal surrounding lymphocytic inflammation (L). (*B*) Hypersensitivity pneumonitis featuring smaller granulomas (G) with more extensive surrounding lymphocytic alveolitis (L). (*C*) A large acellular necrotizing granuloma (NG) caused by pulmonary *Histoplasma capsulatum* infection.](rccm.202002-0251ST_f1){#fig1}

### Exclusion of alternative causes

To ensure diagnostic accuracy of sarcoidosis, the differential diagnosis must be considered and alternative diagnoses reliably excluded during the initial diagnostic evaluation or in presumed established sarcoidosis cases with atypical clinical features, such as those refractory to immune suppression treatment. Although tissue histopathology may reveal an alternative diagnosis ([Figure 1](#fig1){ref-type="fig"}), granulomas found in patients with sarcoidosis have no unique histologic features to differentiate them from all other granulomatous diseases. The diagnosis of sarcoidosis, therefore, requires a complete history and physical examination and, when indicated, additional testing to exclude other disorders, especially those that also produce granulomas ([@bib14]). The differential diagnosis of sarcoidosis is typically categorized into granulomatous disorders of infectious and noninfectious causes ([Table 3](#tbl3){ref-type="table"} provides representative examples of each). An alternative schema classifies these diagnoses according to the affected organ system(s) ([Table 4](#tbl4){ref-type="table"}).

###### 

Key Infectious and Noninfectious Differential Diagnoses for Granulomatous Lesions within Commonly Biopsied Sites

                                                                                                                                                                          Granulomatous Lesion within These Sites:   Testing and Clinical Pearls              
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------ ----------------------------- --- --- --- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Infectious etiologies                                                                                                                                                                                                                                                                                                                                  
   Bacteria                                                                                                                                                                                                                                                                                                                                              
    Tuberculosis[\*](#tblfn4){ref-type="table-fn"}                                                                                                                                           X                                    X                X   X   X                           Culture is diagnostic gold standard; IFN-γ release assay used for screening, and preferable to tuberculin skin testing due to anergy
    Nontuberculous mycobacteria (MAC and *M. kansasii*)[\*](#tblfn4){ref-type="table-fn"}                                                                                                    X                                    X                X   X   X                                                                               Culture is the gold standard
    Aspiration pneumonia[\*](#tblfn4){ref-type="table-fn"}                                                                                                                                   X                                                                                                                                                       Culture
    *Brucella*                                                                                                                                                                                                                    X                X   X   X                                                                Serum agglutination and ELISA; livestock exposure history
    *Tropheryma whippelii*                                                                                                                                                                                                        X                    X                                                Periodic acid--Schiff stain; immunohistochemistry testing; diarrhea, weight loss, and joint pains
    *Mycobacterium leprae*                                                                                                                                                                                                                         X                                                                    Culture is the gold standard, but can be difficult; histology; PCR
  * * *Francisella tularensis*                                                                                                                                                                                                    X                X                                                                          Serologic assay, then repeat in 2 wk; rabbit exposure
  * * *Bartonella henselae*                                                                                                                                                                                                       X                X                                                                                       Titers \>1:256; cat exposure
    *Coxiella burnetii*                                                                                                                                                                                                                                X   X                                                                            Serology; PCR; livestock exposure
   Fungi                                                                                                                                                                                                                                                                                                                                                 
    *Aspergillus*[\*](#tblfn4){ref-type="table-fn"}                                                                                                                                          X                                                     X       X                                                                          Culture; *Aspergillus* IgG; histology
    *Histoplasma*[\*](#tblfn4){ref-type="table-fn"}                                                                                                                                          X                                    X                X       X                                                                            Culture; urine histoplasma antigen
    *Blastomyces*[\*](#tblfn4){ref-type="table-fn"}                                                                                                                                          X                                                     X                                                                               Culture; histology; blasto Ag is nonspecific
    *Coccidioides*[\*](#tblfn4){ref-type="table-fn"}                                                                                                                                         X                                                             X                                                       Serologic tests using EIA for IgM and IgG; then confirmatory immunodiffusion
    *Cryptococcus*                                                                                                                                                                           X                                                     X   X   X                                                                                Cryptococcal serum antigen
    *Pneumocystis*                                                                                                                                                                           X                                                                                                                                Histology; screen with β-[d]{.smallcaps}-glucan assay
   Viruses                                                                                                                                                                                                                                                                                                                                               
    Herpes zoster                                                                                                                                                                            X                                                     X                                                                                   Granulomas may occasionally be found
   Parasitic                                                                                                                                                                                                                                                                                                                                             
    *Toxoplasma gondii*                                                                                                                                                                                                           X                X   X                                                                              Toxoplasma serologic assay IgM and IgG
    Schistosomiasis                                                                                                                                                                          X                                                     X   X                                                                 Serology and microscopic visualization of eggs in stool or urine
    Leishmaniasis                                                                                                                                                                                                                                  X   X                                                                                Histology and PCR for *Leishmania*
    Echinococcosis                                                                                                                                                                                                                                 X   X                                                                                     EIA; ultrasound imaging
    *Enterobius*                                                                                                                                                                                                                                   X   X                                                                               Pinworm paddle test, then microscopy
    *Dirofilaria*                                                                                                                                                                            X                                                                                                                                               Histology; eosinophilia
  Noninfectious etiologies                                                                                                                                                                                                                                                                                                                               
   Malignancy                                                                                                                                                                                                                                                                                                                                            
    Lymphoma[\*](#tblfn4){ref-type="table-fn"}                                                                                                                                               X                                    X                X   X   X                                                                Clonal cell population; rarely can have elevated serum ACE
    Sarcoid-like reaction to tumor[\*](#tblfn4){ref-type="table-fn"}                                                                                                                         X                                    X                X   X   X                                              PET useful for selecting biopsy site but not diagnostic; biopsy must be performed to diagnose
    Lymphomatoid granulomatosis                                                                                                                                                                                                                    X                               Atypical clonal EBV-positive B cells; multiple pulmonary nodules with lymphocytic transmural angiitis and granulomas noted sometimes in skin
    Germ cell tumor                                                                                                                                                                                                               X                                                                                  Serum α fetoprotein, human chorionic gonadotropin, lactate dehydrogenase
   Autoimmune or immune dysfunction                                                                                                                                                                                                                                                                                                                      
    ANCA-associated vasculitides (GPA, MPA, and EGPA)                                                                                                                                        X                                                     X                                                        MPO or PR3 ANCA+, renal disease, necrotizing vasculitis; eosinophilic infiltration if EGPA
    GLILD associated with CVID                                                                                                                                                               X                                    X                                                        Nonnecrotizing granulomas, LIP, and follicular bronchiolitis on lung biopsy; hypogammaglobulinemia and recurrent infections
    Rheumatoid nodules                                                                                                                                                                                                                             X                                                   Multiple subpleural nodules in patient with anti-CCP antibodies, arthralgias; necrotizing granulomas
    Langerhans cell histiocytosis                                                                                                                                                            X                                    X                X   X   X              Young smoker; multiple bizarre-shaped upper lung zone cysts and/or nodules; Langerhans cell stain CD1a and S100 positive; eosinophilic granulomas most common
    IgG4-related disease                                                                                                                                                                     X                                    X                X   X   X              Elevated serum IgG4; elevated tissue IgG4^+^ plasma cell count and IgG4:IgG ratio; granulomas rare; differential diagnosis with multicentric Castleman disease
    Inflammatory bowel disease                                                                                                                                                               X                                                     X   X                                                                             GI symptoms; granulomatous bronchiolitis
    Primary biliary cholangitis                                                                                                                                                                                                                        X                                           Cholestasis; antimitochondrial antibodies; portal based, poorly formed granulomas with bile duct destruction
    Primary sclerosing cholangitis                                                                                                                                                                                                                     X                         Cholestasis; P-ANCA^+^; ulcerative colitis associated; biliary strictures present, granulomas rare and not associated with bile duct destruction
    Autoimmune hepatitis                                                                                                                                                                                                                                       Abnormal liver function tests and autoantibodies (e.g., anti--smooth muscle); syncytial multinucleated giant cells are rare in adults but may be observed in children or adolescents
   Exposures                                                                                                                                                                                                                                                                                                                                             
    Hypersensitivity pneumonitis[\*](#tblfn4){ref-type="table-fn"}                                                                                                                           X                                    X                             Organic exposure, small poorly formed interstitial granulomas in interstitium, prominent lymphocytic infiltrates, chronic inflammatory infiltrates accentuated around bronchioles
    Hot tub lung syndrome (MAC exposure with hypersensitivity features)                                                                                                                      X                                    X                                                          Aerosolized water exposure, MAC cultured from sputum, lung or hot tub, large well-formed granulomas in bronchiole lumens
    Pneumoconiosis (such as beryllium, titanium, aluminum, zirconium, cobalt, and others)                                                                                                    X                                    X                X                                                                                        Inorganic exposure history
    Drug-induced granulomatous disease (including but not limited to IFN, checkpoint inhibitor, anti-TNF, and/or biologic therapies)[\*](#tblfn4){ref-type="table-fn"}                       X                                    X                X   X   X                           Usually nonnecrotizing granulomas. Drug exposure history essential. *See*[www.pneumotox.com](http://www.pneumotox.com) for full list
    Foreign body granulomatosis (such as talc aspirated or injected, tattoo ink)[\*](#tblfn4){ref-type="table-fn"}                                                                           X                                    X                X                                                         Serum ACE elevated in many patients; particles found on biopsy; perivascular granulomas
    Steatosis (lipogranulomas)                                                                                                                                                                                                                         X                                                               Central lipid vacuole; ingestion of mineral oil or hepatic steatosis
   Idiopathic                                                                                                                                                                                                                                                                                                                                            
    Sarcoidosis                                                                                                                                                                              X                                    X                X   X   X                                                                Multisystemic; well formed, usually nonnecrotic granulomas
    Necrotizing sarcoid granulomatosis                                                                                                                                                       X                                    X                                                                           Granulomatous pneumonitis with necrosis and vasculitis; multiple necrotic lung nodules
    Histiocytic necrotizing lymphadenitis (Kikuchi's disease)                                                                                                                                                                     X                                                        Cervical lymphadenopathy and low-grade fever. Granulomas are not found, although necrotic areas with histiocytes are present
    GLUS                                                                                                                                                                                                                          X                X   X   X                                           Lacks progressive lung parenchymal disease, elevated serum calcium, 1,25-dihydroxyvitamin D, and ACE
    Bronchocentric granulomatosis                                                                                                                                                            X                                                                                               Associated with asthma and *Aspergillus* infection in 50%. Necrotizing granulomas exclusively in bronchi and bronchioles

*Definition of abbreviations*: ACE = angiotensin-converting enzyme; Ag = antigen; EIA = enzyme-linked immunoassays; ANCA = antineutrophil cytoplasmic antibody; CCP = cyclic citrullinated peptide; CVID = common variable immune deficiency; EBV = Epstein-Barr virus; EGPA = eosinophilic GPA; GI = gastrointestinal; GLILD = granulomatous--lymphocytic interstitial lung disease; GLUS = granulomatous lesions of unknown significance syndrome; GPA = granulomatosis with polyangiitis; LIP = lymphocytic interstitial pneumonia; MAC = *Mycobacterium avium* complex; *M. kansasii* = *Mycobacterium kansasii*; MPA = microscopic polyangiitis; MPO = myeloperoxidase; p-ANCA = perinuclear ANCA; PR3 = PR3-ANCA; PET = positron emission tomography; TNF = tumor necrosis factor.

More commonly found alternative diagnoses for granulomatous disease in U.S. populations. The differential diagnosis should be prioritized on the basis of the individual's clinical history and presentation.

###### 

Key Differential Diagnoses for Sarcoidosis within Individual Organ Systems

  Organ System                                               Noninfectious Differential Diagnoses   Infectious Differential Diagnoses
  --------------------------------------------------------- -------------------------------------- -----------------------------------
  Central nervous system                                             IgG4-related disease                       Bacteria
  Chronic variable immunodeficiency                                     • Tuberculosis             
  Rosai-Dorfman disease                                                  • *Brucella*              
  Histiocytoses                                                             Fungi                  
  • Histiocytosis X                                                    • *Aspergillus*             
  • Erdheim-Chester                                                  • Coccidioidomycosis          
  Lymphomatoid granulomatosis                                          • Cryptococcosis            
  Granulomatosis with polyangiitis                                        Parasites                
  Rheumatoid nodules                                                       • Amoeba                
  Amyloidosis                                                          • Toxoplasmosis             
  Cholesterol granuloma                                               • Schistosomiasis            
  Foreign body                                                        • *Taenia solium*            
  Drugs/toxins/heavy metals                                            • *Echinococcus*            
  Sarcoid-like reaction to tumor                                       • Paragonimiasis            
  CNS malignancies ranging from glioblastoma to lymphoma                   Viruses                 
  • *Varicella zoster*                                                                             
  • Herpes simplex                                                                                 
  Eyes                                                            Inflammatory bowel disease        Parinaud oculoglandular syndrome
  ANCA vasculitides                                                     • *Bartonella*             
  Vogt-Koyanagi-Harada disease                                         • *Francisella*             
  Blau syndrome                                                            Bacteria                
  • Tuberculosis                                                                                   
  • Syphilis                                                                                       
  Viruses                                                                                          
  • Cytomegalovirus                                                                                
  • *Varicella zoster*                                                                             
  Toxoplasmosis                                                                                    
  Sinonasal                                                      Granulomatosis polyangiitis                    Bacteria
  Eosinophilic granulomatosis with polyangiitis                         • Tuberculosis             
  Cholesterol granuloma                                                   • Atypical               
  NK/T-cell lymphoma                                                     Mycobacteria              
  Foreign body                                                          • *Klebsiella*             
  Drugs/toxins                                                         Rhinoscleromatis            
  • Cocaine                                                               • Syphilis               
  • Narcotics                                                               Fungi                  
  • *Aspergillus flavus*                                                                           
  • Histoplasmosis                                                                                 
  Parasites                                                                                        
  • Leishmaniasis                                                                                  
  • Rhinosporidiosis                                                                               
  Parotid/salivary/lacrimal glands                               Granulomatosis polyangiitis                    Bacteria
  Ductal obstruction (calculus, tumor)                                  • Tuberculosis             
  Crohn's disease                                                  • Atypical mycobacteria         
  Heart                                                             Giant cell myocarditis                      Bacteria
  Acute rheumatic heart disease                                         • Tuberculosis             
  Granulomatosis with polyangiitis                                        • Syphilis               
  Erdheim-Chester                                                  • *Tropheryma whippelii*        
  Arrhythmogenic right ventricular dysplasia                                Fungi                  
  Foreign body                                                         • *Aspergillus*             
  Drugs/toxins                                                                                     
  Granulomatous lesions of unknown significance                                                    
  Spleen                                                      Chronic variable immunodeficiency                 Bacteria
  Sarcoid-like reaction to tumor                                        • Tuberculosis             
  Fungi                                                                                            
  • Histoplasmosis                                                                                 
  Parasites                                                                                        
  • Leishmaniasis                                                                                  
  Kidney                                                         Granulomatosis polyangiitis                    Bacteria
  Chronic lymphocytic leukemia                                          • Tuberculosis             
  Drugs                                                                     Fungi                  
  • Allopurinol                                                        • Histoplasmosis            
  • Antivirals                                                       • Coccidioidomycosis          
  • Anticonvulsants                                                         Viral                  
  • β-Lactams                                                            • Adenovirus              
  • Diuretics                                                                                      
  • Erythromycin                                                                                   
  • Fluoroquinolones                                                                               
  • NSAIDs                                                                                         
  • Proton pump inhibitors                                                                         
  • Rifampin                                                                                       
  • Sulfonamides                                                                                   
  • Vancomycin                                                                                     
  Muscle                                                             Non-Hodgkin lymphoma                       Bacteria
  Crohn's disease                                                       • Tuberculosis             
  Thymoma-myasthenia gravis                                               • Syphilis               
  Foreign body                                                           • *Brucella*              
  Primary biliary cirrhosis (primary biliary cholangitis)                   Fungi                  
  Cryofibrinogenemia                                              • *Pneumocystis jirovecii*       
  • Cryptococcosis                                                                                 
  Virus                                                                                            
  • Human T-lymphotrophic virus 1                                                                  

*Definition of abbreviations*: ANCA = antineutrophil cytoplasmic antibody; CNS = central nervous system; NK = natural killer; NSAIDs = nonsteroidal antiinflammatory drugs.

Tuberculosis (TB) and atypical mycobacterial infections can mimic sarcoidosis. These infections can be screened for by staining biopsies for acid-fast bacilli and latent TB infection can be detected by performing IFN-γ release assay testing or delayed-type hypersensitivity skin testing to TB antigens, as was previously recommended as a standard approach in patients with suspected sarcoidosis ([@bib14]). It should be noted that false-negative IFN-γ release or skin test results can occur in those with acutely active forms of TB or sarcoidosis due to concurrent T-cell anergy; thus, negative test results should be interpreted with caution ([@bib15]). When possible, sputum smear and culture for acid-fast bacilli ([@bib16]) and molecular testing ([@bib17]) for mycobacterial species is encouraged for patients residing in areas endemic for TB. Fungal infections (e.g., histoplasmosis) should also be considered in those with suspected sarcoidosis, including staining biopsies for fungal infections. Tissue culture, culture of BAL fluid, antigen detection in urine and/or blood, and serologic tests for fungal-specific antibodies may be used to confirm the diagnosis ([@bib18]).

Additional testing for other infectious and noninfectious etiologies is guided by clinical and/or radiologic findings ([Tables 3](#tbl3){ref-type="table"} and [4](#tbl4){ref-type="table"}). Hypersensitivity pneumonitis and chronic beryllium disease should be considered in patients with a history of occupational and/or environmental exposures associated with these disorders. The blood lymphocyte proliferation test is diagnostic for chronic beryllium disease ([@bib19]). Although BAL fluid analysis is insufficient to establish a specific diagnosis of any interstitial lung disease, BAL can be useful for excluding infections or malignancy or to identify cellular patterns suggestive of eosinophilic or hypersensitivity pneumonitis ([@bib20]).

Sarcoidosis-like granulomatous reactions have been described in numerous clinical conditions and in association with several medications, including immunotherapeutics, such as immune checkpoint inhibitors, anti--TNF-α (tumor necrosis factor-α), and other immune modulating drugs ([@bib21]). Sarcoid-like reactions to tumor should be considered in patients with granulomatous adenopathy who are suspected of having malignancy or in those with a recent or concomitant history of neoplasm ([@bib22]). Erdheim-Chester, a histiocytic disorder with clinical and radiologic features similar to sarcoidosis, may be differentiated from sarcoidosis on the basis of histopathologic staining for the CD68 marker ([@bib23]). The small-vessel antineutrophil cytoplasmic antibody--associated vasculitides (especially granulomatosis with polyangiitis) may affect the upper and lower airways, similar to sarcoidosis. Most patients with these vascular inflammatory diseases, however, exhibit MPO and/or PR3 antineutrophil cytoplasmic antibodies.

Patients with common variable immune deficiency may develop noncaseating granulomas in lymphoid or solid organs, referred to as granulomatous--lymphocytic interstitial lung disease, which mimics multiorgan sarcoidosis. Granulomatous--lymphocytic interstitial lung disease due to common variable immune deficiency should be suspected in patients with apparent sarcoidosis who have hypogammaglobulinemia, a history of recurrent sinopulmonary infections, autoimmune disease, or splenomegaly. IgG4-related disease may resemble pulmonary sarcoidosis (bilateral hilar adenopathy and/or lung nodules on CT of the chest) and extrapulmonary, multiorgan sarcoidosis ([@bib24]); pathology can usually differentiate IgG4-related disease from sarcoidosis ([@bib25]). Elevated serum IgG4 levels (high IgG4:IgG ratio) is present in approximately 66% of patients with IgG4 disease ([@bib26]), and elevated tissue plasma cell IgG4 may further differentiate this disorder from sarcoidosis.

Diagnostic Testing
==================

Question 1: Should Lymph Node Sampling Be Performed in a Patient Presenting with Asymptomatic Bilateral Hilar Lymphadenopathy?
------------------------------------------------------------------------------------------------------------------------------

### Rationale for question

Isolated involvement of mediastinal and hilar lymph nodes is a common presentation of sarcoidosis, and is readily detected by a routine chest X-ray. Many such patients are asymptomatic, and sarcoidosis is only suspected on the basis of radiographic testing for an unrelated reason. Patients with sarcoidosis with asymptomatic lymph node involvement generally have self-limited disease, and do not require treatment. However, the finding of enlarged hilar and mediastinal lymph nodes during radiographic testing is often alarming to healthcare providers and patients alike, primarily out of concern for an alternative diagnosis, such as occult malignancy or latent infection. Previous studies have reported that asymptomatic bilateral hilar lymphadenopathy is almost always caused by sarcoidosis ([@bib27]), and, given the benign nature of this phenotype, there is clinical equipoise for pursuing diagnostic sampling in such patients.

### Summary of evidence

Our systematic review identified 2,106 potentially relevant articles; the full text of 75 was reviewed. One study reported enrolling patients with bilateral hilar lymphadenopathy, but included both symptomatic and asymptomatic patients ([@bib28]), so the panel decided to separately consider 16 studies that enrolled patients with suspected radiographic stage 1 sarcoidosis ([@bib29]--[@bib44]). The study that enrolled patients with symptomatic and asymptomatic bilateral hilar lymphadenopathy confirmed sarcoidosis in 72% (95% confidence interval \[CI\], 61--81%), but found lymphoma in 10% (95% CI, 5.3--19%) and other diagnoses (i.e., nonlymphomatous malignancy, silicosis, fibrosis, and amyloidosis) in 7.7% (95% CI, 3.6--15.8%). The 16 studies that enrolled patients with suspected radiographic stage 1 sarcoidosis collectively included 556 patients who underwent at least 1 sampling procedure. Sarcoidosis was confirmed in 85% (95% CI, 82--88%) of patients, an alternative diagnosis was made in 1.9% (95% CI, 1--3.7%) of patients, and sampling was nondiagnostic in 11% (95% CI, 8--14%) of patients. Among the alternative diagnoses, 38% (95% CI, 14--69%) were TB and 25% (95% CI, 7.1--59%) were lymphoma. The only complication reported was a case of mediastinitis that occurred after an esophageal endoscopic ultrasound procedure.

### Committee conclusions

The committee acknowledged that most patients with bilateral hilar lymphadenopathy will be confirmed to have sarcoidosis, especially among those presenting with Löfgren's syndrome, lupus pernio, or Heerfordt's syndrome. In asymptomatic bilateral hilar lymphadenopathy cases, sampling will be nondiagnostic in a substantial number of patients, and an alternative diagnosis (e.g., malignancy or infections) will be identified in a few cases, but those few cases may have important treatment implications. Factors to consider when weighing the risks and benefits of biopsy may include: regional prevalence of alternative infectious etiologies; patient-specific risk factors for malignancy, infection, or enhanced procedural risk; enlarging lymph nodes; likelihood of obtaining close follow-up; and patient preference. Finally, the availability of a maximally safe, efficacious, and cost-effective means of biopsy procedure is considered. Thus, the committee concluded that the decision to biopsy asymptomatic patients with bilateral hilar adenopathy should be made on a case-by-case basis.

### Recommendations

1.In patients for whom there is a high clinical suspicion for sarcoidosis (e.g., Löfgren's syndrome, lupus pernio, or Heerfordt's syndrome), we suggest NOT sampling lymph nodes (conditional recommendation, very low-quality evidence). *Remarks:* Patients who do not undergo lymph node sampling require close clinical follow-up.2.For patients presenting with asymptomatic bilateral hilar lymphadenopathy, we make no recommendations for or against obtaining a lymph node sample. *Remarks*: If lymph node sampling is not obtained, close clinical follow-up was considered a reasonable alternative approach.

### Research needs

All but one study selected for the systematic review enrolled patients with suspected sarcoidosis; therefore, the probability of finding sarcoidosis and alternative diagnoses in unselected patients with asymptomatic bilateral hilar adenopathy is uncertain and requires further investigation. Studies are needed to determine which clinical factors, including CT or chest radiographic manifestations, and/or biomarkers are the best determinants of pretest probability of sarcoidosis and which radiographic features are predictive of disease progression ([@bib45]). Such predictive modeling might enable certain patients to be spared from biopsy, while heightening the need for early diagnosis in others. Studies are also needed to determine the true incidence of both minor and major complications of biopsy. Finally, studies that determine long-term outcomes, including treatment and disease course, are needed to determine the utility of early biopsy in asymptomatic patients.

Question 2: Should Patients with Suspected Sarcoidosis and Mediastinal and/or Hilar Lymphadenopathy, for Whom It Has Been Determined That Tissue Sampling Is Necessary, Undergo EBUS-guided Lymph Node Sampling or Mediastinoscopy as the Initial Mediastinal and/or Hilar Lymph Node Sampling Procedure?
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

### Rationale for question

Tissue sampling is often helpful in the diagnostic evaluation of suspected sarcoidosis. It begins with the least-risky and least-invasive method, such as sampling skin or peripheral lymph node (e.g., axillary lymph node) abnormalities suggestive of sarcoidosis. However, most new sarcoidosis cases lack skin and peripheral lymph node findings, and invasive testing is pursued from the start. Superiority of EBUS-guided lymph node sampling over transbronchial lung biopsy in pulmonary sarcoidosis has already been established ([@bib46]--[@bib48]). The committee asked whether EBUS-guided lymph node sampling or mediastinoscopy is preferable.

### Summary of evidence

Our systematic review identified 703 potentially relevant articles; the full text of 64 was reviewed and 29 were selected. There were no studies comparing EBUS-guided sampling to mediastinoscopy; all studies were nonrandomized studies that reported the diagnostic yield and other outcomes of either EBUS-guided lymph node sampling ([@bib30], [@bib31], [@bib36], [@bib39], [@bib41], [@bib43], [@bib44], [@bib49]--[@bib60]) or mediastinoscopy ([@bib37], [@bib61]--[@bib70]) in patients with suspected sarcoidosis.

EBUS-guided lymph node sampling had a diagnostic yield of 87% (95% CI, 94--91%). Among the diagnostic samples, 98% confirmed sarcoidosis and 2% found an alternative diagnosis, including lymphoma, TB, and lung cancer. There were no reported major complications of EBUS, and only one case of post-procedure stridor, yielding a reported complication rate of \<0.1%. Only one mediastinoscopy study (published in 2006) reported outcomes in the same fashion as the EBUS studies ([@bib37]); it found that mediastinoscopy had a diagnostic yield of 98% (95% CI, 90--100%). Among the diagnostic samples, 91% confirmed sarcoidosis and 9% found reactive lymphadenopathy. The other mediastinoscopy studies (all published before 1970) reported that 96% (95% CI, 94--97%) of procedures confirmed sarcoidosis, and the remaining 4% (95% CI, 3--6%) found an alternative diagnosis or were nondiagnostic.

### Committee conclusions

The committee weighed the observations that mediastinoscopy has a higher diagnostic yield than EBUS-guided lymph node biopsy (98% and 87%, respectively), but EBUS-guided lymph node biopsy is less invasive than mediastinoscopy. The committee recognized probable underestimation of the risk of mediastinoscopy given the bias toward reporting only severe complications, implying that less severe complications, like vocal cord damage and their associated costs and inconveniences, were not counted ([@bib71], [@bib72]). In lieu of rigorous data directly comparing complication rates of mediastinoscopy to EBUS specifically among patients with suspected sarcoidosis, the committee considered a recent systemic review of 9 studies (960 cases) comparing complications of mediastinoscopy and EBUS among patients undergoing mediastinal staging of lung cancer. The systemic review found a statistically higher complication rate for mediastinoscopy ([@bib73]). The committee also agreed that costs are typically lower for procedures such as EBUS that are performed in an endoscopy room compared with an operating room for mediastinoscopy, and that EBUS is better tolerated than mediastinoscopy because general anesthesia may be avoided ([@bib74], [@bib75]), although the committee acknowledged that dissenting opinions exist ([@bib76], [@bib77]). Finally, the committee noted the ease of adding transbronchial biopsy when lymphadenopathy is accompanied by radiographic findings of parenchymal disease, or endobronchial biopsy when mucosal abnormalities are noted during endoscopy, which further increase the yield of bronchoscopy with EBUS ([@bib78]). The committee concluded that the advantages of EBUS-guided lymph node sampling for the 87% of patients in whom it is diagnostic outweigh the additional risks and burdens to the 13% of patients who require an additional sampling procedure.

The role of conventional blind transbronchial needle aspiration (TBNA) was not specifically investigated. Prior studies directly comparing blind TBNA to EBUS-guided TBNA show the performance of the latter to be significantly better ([@bib79], [@bib80]) with much higher negative predictive value ([@bib80]). Nonetheless, the committee believed that conventional TBNA is a low-risk procedure that is widely available and, therefore, is a reasonable alternative to EBUS when the latter is unavailable.

### Recommendation

1.For patients with suspected sarcoidosis and mediastinal and/or hilar lymphadenopathy for whom it has been determined that tissue sampling is necessary, we suggest EBUS-guided lymph node sampling, rather than mediastinoscopy, as the initial mediastinal and/or hilar lymph node sampling procedure (conditional recommendation, very low-quality evidence).

### Research needs

The committee concluded that there is a need for research to determine whether the addition of CT or chest radiographic manifestations, or genomic or biochemical profiling, increases diagnostic yield beyond histologic assessment for tissue samples obtained via EBUS-guided sampling.

Question 3: Should Patients with Sarcoidosis Who Do Not Have Ocular Symptoms Undergo Screening for Ocular Sarcoidosis by Routine Eye Examination?
-------------------------------------------------------------------------------------------------------------------------------------------------

### Rationale for question

Sarcoidosis can involve almost every portion of the eye, including the orbit, anterior and posterior chambers, lacrimal gland, sclera, and conjunctiva. Uveitis and retinal involvement are the most concerning manifestations, because they can result in blindness and are not typically apparent on a routine physical examination. Some patients present with uveitis as their initial clinical manifestation. Prevalence of ocular involvement varies by sex and race, with higher rates noted in women and Japanese and persons of African descent. The diagnosis of ocular sarcoidosis is based on a combination of signs and tests ([@bib81]), which are often not sought until symptoms develop. The committee asked whether patients with sarcoidosis without ocular symptoms should undergo ophthalmologic screening for ocular sarcoidosis.

### Summary of evidence

Our systematic review identified 582 potentially relevant articles; the full text of 25 was reviewed and 18 were selected. None of the studies compared eye exams to no eye exams; all were nonrandomized studies that enrolled patients with extraocular sarcoidosis and reported the frequency of abnormal eye exams and other outcomes ([@bib82]--[@bib99]). Although the question is intended for patients with sarcoidosis without ocular symptoms, all studies included patients with and without ocular symptoms.

Eye exams identified abnormalities consistent with ocular sarcoidosis in 26% (95% CI, 23--29%) of patients with sarcoidosis. The most common abnormality was anterior uveitis, which was detected in 53% (95% CI, 41--64%) of patients. Ocular symptoms were present in 78% (95% CI, 64--91%) of patients with an eye exam abnormality. Ocular disease was judged severe enough to warrant topical or systemic corticosteroid treatment in 83% (95% CI, 74--93%) of patients.

### Committee conclusions

The systematic review estimated the prevalence of ocular sarcoidosis to be 26%. The committee was concerned that this estimate is higher than the actual prevalence among the population of interest (patients with sarcoidosis without ocular symptoms), as most patients with ocular abnormalities had ocular symptoms. However, other studies have similarly estimated the prevalence of ocular sarcoidosis to be 20--40% ([@bib100]), and one study indicated that some patients with uveitis are asymptomatic ([@bib101]). Among Japanese patients, the prevalence may be \>50% ([@bib102], [@bib103]).

Regardless of the exact prevalence, the committee concluded that: *1*) eye exams are required for detection of ocular involvement and are neither harmful nor burdensome; *2*) vision is very precious to patients; and *3*) treatment may be beneficial in reducing harm (i.e., reduction of loss of vision). The impact of treatment is based on the committee's clinical experience and the systematic review, which suggested that most treated patients had improvement or stabilization of their visual acuity. However, the systematic review did not target treatment, and, therefore, better evidence about treatment of ocular sarcoidosis may exist. The committee's recommendations also factored in the ancillary benefits of routine eye exams, such as identification of abnormalities that may guide nonimmunosuppressive therapy (e.g., for glaucoma) or detection of sarcoidosis treatment--related toxicity (e.g., hydroxychloroquine-induced retinopathy) that could impair vision if not identified.

### Recommendation

1.For patients with sarcoidosis who do not have ocular symptoms, we suggest a baseline eye examination to screen for ocular sarcoidosis (conditional recommendation, very low-quality evidence).

### Research needs

The identification of risk factors for ocular sarcoidosis, particularly the more devastating forms of the disease, could obviate the need for screening all patients with sarcoidosis with eye exams. A better understanding of the natural history of ocular sarcoidosis, the identification of predictors of which patients will develop new onset of eye involvement after baseline negative screening and among those with active disease at baseline who will experience persistent or recurrent disease, and new diagnostic modalities are all needed ([@bib104]). In those who initially have no evidence of eye involvement, the committee recommends ophthalmology evaluation based on development of new symptoms ([Table 5](#tbl5){ref-type="table"}). However, additional research is needed to determine if there is a clinical benefit, such as earlier detection and more effective treatment, to routine eye exams compared with exams based on the development of symptoms. Finally, treatment trials that enroll patients with ocular sarcoidosis are needed, because most treatment trials have enrolled patients with uveitis of many causes, including sarcoidosis.

###### 

Best Practice Recommendations for Detection of Delayed Onset of Extrapulmonary Sarcoidosis Manifestations after Negative Baseline Screening

  Test Parameter                                        Routine Testing for New Sarcoidosis Involvement   New Conditions Triggering a Specific Testing for Extrapulmonary Sarcoidosis Involvement
  ---------------------------------------------------- ------------------------------------------------- -----------------------------------------------------------------------------------------
  Calcium                                                                  Annually                                                            Kidney stones
  Acute or acute on chronic renal failure                                                                
  Creatinine                                                               Annually                                                                 ---
  Alkaline phosphatase                                                     Annually                                                                 ---
  Eye exam                                                                   None                                                            Change in vision
   • Floaters                                                                                            
   • Blurry                                                                                              
   • Visual field loss                                                                                   
  Eye pain, photophobia, or redness (sustained)                                                          
  Cardiac testing (*see* Questions 9)                                        None                                                               Chest pains
  Palpitations                                                                                           
  Near syncope/syncope                                                                                   
  Sustained bradycardia or tachycardia                                                                   
  Dyspnea out of proportion to lung disease                                                              
  New ECG findings                                                                                       
  Pulmonary hypertension testing (*see* Question 10)                         None                                       Clinical signs of pulmonary hypertension (*see* main text)

Approximately 23% of patients with sarcoidosis will develop a new disease manifestation within 3 years of baseline evaluation. Annual testing is recommended for calcium, creatinine, and alkaline phosphatase, because these manifestations are often asymptomatic. In contrast, routine testing is not recommended for ocular or heart sarcoidosis, unless the patient presents with related symptoms, as above.

Question 4: Should Patients with Sarcoidosis Who Do Not Have Renal Symptoms Undergo Screening for Renal Sarcoidosis by Routine Serum Creatinine Testing?
--------------------------------------------------------------------------------------------------------------------------------------------------------

### Rationale for question

Sarcoidosis can cause compromised kidney function in a subgroup of patients through two mechanisms: *1*) parenchymal granulomatous inflammation or *2*) consequent to altered calcium metabolism (e.g., nephrocalcinosis, nephrolithiasis). Timely treatment (e.g., immune suppression) can attenuate sarcoidosis-induced renal complications. The committee asked if routine creatinine screening is indicated in patients with sarcoidosis with no known kidney disease.

### Summary of evidence

Our systematic review identified 469 potentially relevant articles; the full text of 12 was reviewed and 8 were selected. None of the studies compared renal function testing to no testing; all were nonrandomized studies that reported the frequency of abnormal renal function and other outcomes ([@bib88], [@bib99], [@bib105]--[@bib110]). Only two studies included serum creatinine testing as a renal function test; the other studies used 24-hour urine collection alone or in combination with other tests. Meta-analysis of the selected studies found that abnormal renal function was detected in 7% (95% CI, 3--11%) of patients. Six out of eight studies reported kidney biopsy among those with abnormal renal function. Granulomas and nephrocalcinosis were the findings reported in most studies, although the frequency of occurrence varied broadly, ranging from 1% to 63% for granulomas and 0--50% for nephrocalcinosis. The committee's confidence in the estimated frequency of the pathological abnormalities was limited by the wide ranges and concern about selection bias due to nonconsecutive selection of patients for kidney biopsy.

### Committee conclusions

The guideline committee recognized that the prevalence of renal dysfunction identified among patients with sarcoidosis was modest. However, the committee's discussion led to the following conclusions: *1*) renal sarcoidosis is often asymptomatic; *2*) progressive or persistent renal dysfunction is associated with poor clinical outcomes; *3*) renal function testing is not harmful; and *4*) most patients respond to therapy. The last conclusion is based on both the committee's clinical experience and the systematic review, which suggested that roughly 90% of patients treated with immune suppression to suppress granulomatous inflammation and related vitamin D--mediated hypercalcemia, together with intravenous fluids, and/or other therapies to further correct hypercalcemia (a cause of renal dysfunction in sarcoidosis) had improvement or correction of coexisting renal dysfunction ([@bib105], [@bib108]). However, the systematic review was not designed to assess treatment effects, and, therefore, better evidence about treatment of renal sarcoidosis may exist.

The combination of serum creatinine testing being safe and potentially detecting a condition with a poor prognosis that responds well to treatment if detected early prompted the guideline committee to conclude that the desirable consequences of renal function testing exceed the undesirable consequences. The committee acknowledged its uncertainty about whether serum creatinine is the best test to screen for renal sarcoidosis, because many studies used 24-hour urine collection. It decided that creatinine testing is easy and less costly and, therefore, favored its use.

Failure to respond to treatment within 1 month indicates either irreversible sarcoidosis-related renal manifestations, such as nephrocalcinosis or glomerular sclerosis, or an alternative diagnosis. Alternative renal disorders are common among patients with sarcoidosis according to studies of patients with sarcoidosis who presented with renal insufficiency and underwent a diagnostic renal biopsy. These include membranous glomerulonephritis, IgA nephropathy, and focal glomerular sclerosis ([@bib111], [@bib112]). Failure of renal dysfunction in a patient with sarcoidosis to respond to immune suppression treatment should prompt further diagnostic testing.

In patients with an established diagnosis of sarcoidosis-induced renal dysfunction caused by granulomatous interstitial nephritis or hypercalcemia, relapses are common after withdrawal of immune suppression ([@bib113]). As such, the panel considers it standard practice to monitor the serum creatinine in all patients with established renal sarcoidosis, especially after de-escalation of immune suppression, and annually in those who have no prior history of renal involvement ([Table 5](#tbl5){ref-type="table"}).

### Recommendation

1.For patients with sarcoidosis who have neither renal symptoms nor established renal sarcoidosis, we suggest baseline serum creatinine testing to screen for renal sarcoidosis (conditional recommendation, very low-quality evidence).

### Research needs

The clinical presentation of renal sarcoidosis is often insidious, and renal damage is progressive without treatment. Elevated creatinine or available imaging technologies are not specific for renal sarcoidosis. Renal biopsy is often necessary to reliably establish the diagnosis of renal sarcoidosis, but carries risks of bleeding, pain, and, rarely, arteriovenous fistula formation. Future studies should consider convenient, noninvasive biomarkers of renal sarcoidosis; examples include evaluation of 24-hour urine parameters and research focused on prognosis, response to therapy, and mechanisms of fibrosis ([@bib114]).

Question 5: Should Patients with Sarcoidosis Who Do Not Have Hepatic Symptoms Undergo Screening for Hepatic Sarcoidosis by Routine Transaminase and Alkaline Phosphatase Testing?
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

### Rationale for question

The liver is commonly involved in sarcoidosis and is more common in African Americans than white individuals ([@bib88]). Although liver fibrosis, cirrhosis, and portal hypertension can result and require transplantation, the prevalence of these outcomes and the long-term consequences of hepatic sarcoidosis are not established, and the indications for treating hepatic sarcoidosis are unclear. Thus, the benefits of routine screening for hepatic sarcoidosis, based on liver function tests, is unknown. The committee asked if patients with sarcoidosis presenting with no liver manifestations should undergo routine baseline screening with liver function tests.

### Summary of evidence

Our systematic review identified 575 potentially relevant articles; the full text of 15 was reviewed and 8 were selected to inform the guideline committee. None of the studies compared liver function testing to no testing; all were nonrandomized studies that reported the frequency of abnormal liver function and other outcomes ([@bib83], [@bib88], [@bib99], [@bib115]--[@bib119]). Only one study explicitly stated that the patients had no hepatic symptoms; the others only implied that most patients had minimal to no hepatic symptoms. Meta-analysis of the selected studies found that liver function testing was abnormal in 12% (95% CI, 6--19%) of patients. Among those who underwent subsequent liver biopsy, granulomas were identified in 96% (95% CI, 88--99%). The committee's confidence in the generalizability of this result was limited by concern about selection bias due to nonconsecutive selection of patients for liver biopsy. The proportion of patients with abnormal liver function tests in whom systemic corticosteroids were initiated varied widely across studies, ranging from 25% to 95%.

### Committee conclusions

The evidence suggests that liver laboratory abnormalities will be found in 12% of patients with sarcoidosis who undergo routine liver function testing, most of whom have hepatic granulomas. We did not identify a specific pattern of liver function abnormalities indicative of hepatic sarcoidosis, but some studies suggest that liver granulomas are more often associated with increases of alkaline phosphatase and less frequently with rises in transaminases ([@bib120]).

The committee discussed reports that immune suppression and ursodeoxycholic acid reduce transaminitis and cholestasis in patients with related symptoms (pruritus) ([@bib121]), suggesting that treatment is effective in reducing disease activity in patients with symptomatic hepatic sarcoidosis. However, according to both the committee's clinical experience and the systematic review, it is uncertain whether these effects can be extrapolated to asymptomatic patients with hepatic sarcoidosis. The systematic review found no difference in resolution or improvement of abnormal liver function tests with treatment; however, it was not designed to estimate the effects of treatment of hepatic sarcoidosis, and, therefore, better evidence about treatment may exist. Treatment decisions should not be undertaken carelessly, because death due to cirrhosis or liver failure is uncommon ([@bib122]), yet the risks of chronic treatment, especially immune suppression, are significant. The committee also noted that prednisone treatment may confound the assessment, as it can cause transaminitis. The committee agreed that the evidence is too scarce to conclude whether treatment affects progression to cirrhosis or reduces the need for liver transplantation.

Taken together, the evidence suggests that more than 1 out of every 10 patients with sarcoidosis who undergo liver function testing will be identified as having liver involvement, but the implication on treatment is unclear. The committee concluded that there is value in identifying patients with liver involvement at the time of initial diagnosis, and to screen for liver involvement annually even if the initial screen is negative ([Table 5](#tbl5){ref-type="table"}), if for no other reason than to avoid hepatotoxic treatments, and to follow such patients more carefully for the development of symptoms that warrant treatment.

### Recommendations

1.For patients with sarcoidosis who have neither hepatic symptoms nor established hepatic sarcoidosis, we suggest baseline serum alkaline phosphatase testing to screen for hepatic sarcoidosis (conditional recommendation, very low-quality evidence).2.For patients with sarcoidosis who have neither hepatic symptoms nor established hepatic sarcoidosis, we make no recommendation for or against baseline serum transaminase testing.

### Research needs

Studies are needed to delineate the best screening test for hepatic sarcoidosis, such as alkaline phosphatase, serum transaminases, or others. In addition, little is known about the natural history of hepatic sarcoidosis. Case series demonstrate a broad range of disease outcomes, from spontaneous resolution to rapid progression to cirrhosis ([@bib123]). Future studies should use long-term longitudinal follow-up to determine the natural history of hepatic sarcoidosis and consider the influence of genetic and environmental factors. Better tools are needed to: *1*) detect progression from hepatitis to early fibrosis and cirrhosis, such as liver elastography ultrasound; *2*) more accurately characterize disease phenotypes; and *3*) identify patients who might need and respond best to therapy.

Question 6: Should Patients with Sarcoidosis Who Do Not Have Symptoms or Signs of Hypercalcemia Undergo Screening for Abnormal Calcium Metabolism by Routine Serum Calcium and Vitamin D Testing?
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

### Rationale for question

Abnormal calcium metabolism in sarcoidosis can lead to hypercalcemia, hypercalciuria, and their manifestations, including kidney stones and renal failure; it is the most common cause of sarcoidosis-related renal insufficiency. Dysfunctional calcium metabolism can also result in elevated bone resorption and increased renal and intestinal absorption of calcium. The mechanisms of abnormal calcium metabolism are likely multifactorial, including increased 1α‐hydroxylase production by granulomatous macrophages, which converts 25-(OH) vitamin D to 1,25-(OH)~2~ vitamin D, increased expression of parathyroid hormone--related protein in sarcoidosis macrophages ([@bib124]), and cytokine and other growth factor production ([@bib125], [@bib126]). Although hypercalcemia- or hypercalciuria-related symptoms may bring the problem to attention, the committee asked whether patients with sarcoidosis without symptoms should undergo screening for abnormal calcium metabolism by baseline serum calcium and vitamin D testing.

### Summary of evidence

Our systematic review identified 1,531 potentially relevant articles; the full text of 14 was reviewed and 11 were selected to inform the guideline committee. None of the studies compared serum calcium or vitamin D testing to no testing; rather, all were nonrandomized studies that reported the frequency of abnormal calcium testing ([@bib88], [@bib99], [@bib105], [@bib109], [@bib127]--[@bib133]). One of the studies further reported the consequences of untreated and treated hypercalcemia, as well as the frequency of abnormal vitamin D testing among patients with sarcoidosis ([@bib127]).

Hypercalcemia was detected in 6% (95% CI, 4--8%) of patients, with renal failure developing in 42% (95% CI, 33--52%) of untreated patients. In the one study that reported vitamin D testing, no patient had an elevated 25-(OH) vitamin D level, 84% (95% CI, 79--88%) had a low 25-(OH) vitamin D level, 11% (95% CI, 8--15%) had a high 1,25-(OH)~2~ vitamin D level, and 0.4% (95% CI, 0.07--2%) had a low 1,25-(OH)~2~ vitamin D level. There were no differences in the 25-(OH) vitamin D and 1,25-(OH)~2~ vitamin D levels among patients with hypercalcemia and normal serum calcium levels. However, 1,25-(OH)~2~ vitamin D levels were relatively higher than 25-(OH) vitamin D levels among patients with a history of hypercalcemia compared with patients who did not have a history of hypercalcemia.

### Committee conclusions

Our systematic review suggests that serum hypercalcemia will be detected in 6% of patients with sarcoidosis who undergo routine serum calcium testing; nearly half will develop renal failure. Our systematic review did not target treatment of sarcoidosis-related hypercalcemia, and, therefore, better evidence about treatment may exist. However, according to the committee's clinical experience and our systematic review, hypercalcemia improves or resolves in more than 90% of patients who are treated with immune suppression. In contrast, once hypercalcemia-induced renal failure is established, chronic renal impairment is common, despite immune suppression. The committee concluded that, despite the low prevalence of hypercalcemia, the accessibility of a nonburdensome test, coupled with the opportunity to intervene before the development of irreversible consequences, warrants baseline testing, and annual screening thereafter ([Table 5](#tbl5){ref-type="table"}). In addition, the committee determined that a strong recommendation for initial screening was indicated, despite the very low quality of evidence, because the importance of the potential benefits of early detection of hypercalcemia (i.e., the prevention of irreversible kidney disease) substantially outweighs the harms, burdens, and costs of testing.

The committee noted that data to support 1,25-(OH)~2~ vitamin D testing for abnormal calcium metabolism was neither extensively studied nor supported by the systematic review, although it was recognized that there may be other reasons for 1,25-(OH)~2~ vitamin D testing in patients with sarcoidosis. For example, it has been hypothesized that 1,25-(OH)~2~ vitamin D may be a biomarker of granulomatous burden, with one study reporting an association between disease chronicity and 1,25-(OH)~2~ vitamin D levels ([@bib134]). A comprehensive discussion of alternative reasons for 1,25-(OH)~2~ vitamin D testing is beyond the scope of this guideline, but is provided elsewhere ([@bib135]). Testing of 25-(OH) vitamin D levels is often undertaken in the primary care setting, and may be useful in conjunction with 1,25-(OH)~2~ vitamin D levels in a subset of patients with sarcoidosis, such as those with severe fatigue or exposed to chronic corticosteroids, for whom vitamin D repletion may be beneficial ([@bib136]).

Patients who require calcium repletion are at risk for hypercalciuria and/or hypercalcemia, and need to be monitored closely, because the effects of calcium and vitamin D supplementation are complex. Studies have reported a small, but significant, increase in hypercalcemia with calcium and vitamin D supplementation ([@bib136]--[@bib138]), with another finding that withdrawal of calcium and vitamin D supplementation improved the hypercalcemia ([@bib127]). Whereas hypercalcemia caused by vitamin D supplementation did not cause sustained renal damage, vitamin D supplementation was shown to be ineffective in terms of improved bone health or other benefits ([@bib123]). The committee had no basis to recommend routine vitamin D screening but did recommend that both types of vitamin D testing (1,25-\[OH\]~2~ and 25-\[OH\] vitamin D) be undertaken in patients who are being evaluated for possible vitamin D replacement.

### Recommendations

1.For patients with sarcoidosis who do not have symptoms or signs of hypercalcemia, we recommend baseline serum calcium testing to screen for abnormal calcium metabolism (strong recommendation, very low-quality evidence).2.If assessment of vitamin D metabolism is deemed necessary in a patient with sarcoidosis, such as to determine if vitamin D replacement is indicated, we suggest measuring both 25- and 1,25-OH vitamin D levels before vitamin D replacement (conditional recommendation, very low-quality evidence).

### Research needs

Although the cause of abnormal calcium metabolism, hypercalcemia, and hypercalciuria appears to be multifactorial, better delineation of the mechanisms, such as genetic variation, may help define better screening tests and/or ways to treat this manifestation of sarcoidosis. The question of whether 24-hour urine calcium or other biomarkers are better assessments of abnormal calcium metabolism than serum calcium or vitamin D testing needs to be evaluated. The potential benefits of calcium and vitamin D supplementation on bone health and/or the potential antiinflammatory effects of vitamin D supplementation need to be weighed against the risk of hypercalcemia and hypercalciuria, and the role of monitoring of vitamin D metabolism after vitamin D supplementation also needs to be further established. Finally, whether low 25-(OH) vitamin D or elevated 1,25-(OH)~2~ vitamin D levels are biomarkers for disease severity and/or granulomatous burden needs to be determined.

Question 7: Should Patients with Sarcoidosis Undergo Screening for Hematological Abnormalities by Routine Complete Blood Cell Count Testing?
--------------------------------------------------------------------------------------------------------------------------------------------

### Rationale for question

Hematologic abnormalities (i.e., leukopenia, lymphopenia, anemia, thrombocytopenia, and/or pancytopenia) are manifestations of sarcoidosis that raise the possibility of bone marrow involvement, although this is not the most common cause of such abnormalities. Splenomegaly with sequestration may be a more common cause of hematologic abnormalities. In the absence of splenomegaly, compartmentalization of white blood cells to the site of organ involvement is a common cause of leukopenia and lymphopenia ([@bib3], [@bib130], [@bib139]--[@bib141]). Additional causes of hematologic abnormalities are hepatic sarcoidosis, nonsarcoidosis medical problems, and treatment with immunosuppressive therapies, like methotrexate. Less-frequent hematologic abnormalities attributed to sarcoidosis include eosinophilia, hemolytic anemia, and idiopathic thrombocytopenia. Pancytopenia may be a presenting manifestation of sarcoidosis, but the cytopenia more often presents as a secondary finding in those with active disease. As a result, the committee asked whether patients with sarcoidosis should undergo a baseline complete blood cell count testing to screen for hematological abnormalities.

### Summary of evidence

Our systematic review identified 2,767 potentially relevant articles; the full text of 13 was reviewed and 10 were selected. None of the studies compared complete blood cell testing to no testing; rather, all were nonrandomized studies that reported the frequency of anemia, leukopenia, or lymphopenia ([@bib88], [@bib130]--[@bib133], [@bib141]--[@bib145]). Only four of the studies were published within the past 20 years; six were published more than 50 years ago.

Complete blood cell counts identified anemia in 22% (95% CI, 14--30%) of patients; the frequency of bone marrow granulomas among patients with anemia was 38% (95% CI, 13--64%). Complete blood cell counts also identified leukopenia in 4% (95% CI, 1--7%) of sarcoidosis when \<4,000 cells/mm^3^ defined leukopenia, and in 30% (95% CI, 26--34%) when \<5,000 cells/mm^3^ defined leukopenia. The frequency of lymphopenia varied from 27% in one study to 55% in another study. In one study, there was no difference in the frequency of anemia or lymphopenia when comparing healthy persons and patients with sarcoidosis. In two studies, most abnormalities occurred once and did not persist. No study reported the frequency with which treatment was changed on the basis of the results of the complete blood counts, or the response to treatment. The committee's confidence in the estimated frequency of bone marrow granulomas was diminished by the wide CI due to small sample size and the risk of selection bias due to nonconsecutive selection of patients for bone marrow biopsy.

### Committee conclusions

The evidence suggests that hematological abnormalities are commonly detected in patients with sarcoidosis by a peripheral blood complete blood cell count and differential cell count. However, the abnormalities are often transient and, according to our systematic review, might be just as common among healthy control subjects. The committee noted that leukopenia and lymphopenia are common complications of sarcoidosis, and are related in almost all cases to inflammatory mechanisms, such as granulomatous bone marrow infiltration ([@bib142]) and the systemic effects of inflammatory mediators, such as TNF-α ([@bib146]). Thus, there is no compelling reason to sample the bone marrow for alternative diagnoses in cases of sarcoidosis accompanied by leukopenia. Anemia, however, was common and an important finding, because it can contribute to sarcoidosis symptoms and signs, such as fatigue and shortness of breath, which may impact a patient's care. It can also be an indicator of other medical problems, and a complete blood cell count is usually needed when initiating cytotoxic immunosuppressive therapy. Taken together, the committee concluded that anemia, whether attributable to sarcoidosis or not, is clinically relevant, important to patients, and requires further evaluation.

### Recommendation

1.We suggest that patients with sarcoidosis undergo baseline complete blood cell count testing to screen for hematological abnormalities (conditional recommendation, very low-quality evidence).

### Research needs

The literature addressing hematologic abnormalities in sarcoidosis is decades old, and it is unclear whether it is applicable today, given the different laboratory tests and thresholds that are currently used. Splenectomy was previously used to treat cytopenia due to hypersplenism; even though splenectomy is less common today, there are no definitive alternative approaches that have been evaluated as treatments for hematologic abnormalities due to sarcoidosis. Lymphopenia and CD4, CD8, and CD19 lymphocyte subsets have been proposed as markers of more severe sarcoidosis ([@bib147]), and patients with lymphopenia with sarcoidosis may be particularly responsive to anti--TNF-α treatment ([@bib146]), although additional study is needed.

Question 8: Should Patients with Sarcoidosis Who Do Not Have Cardiac Symptoms or Signs Undergo Routine Screening for Cardiac Sarcoidosis Using ECG, TTE, or 24-Hour Ambulatory ECG Monitoring?
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

### Rationale for question

Cardiac sarcoidosis is an underrecognized manifestation of sarcoidosis that can present with sudden cardiac death. These features make early detection and management of cardiac sarcoidosis desirable. Providers should ask specifically about symptoms of palpitations, lightheadedness, chest pain, and syncope, because these presenting signs and symptoms greatly increase the likelihood of cardiac sarcoidosis. ECG, TTE, and 24-hour ambulatory ECG (Holter) monitoring are noninvasive methods to potentially screen asymptomatic patients for cardiac sarcoidosis. However, the tests provide fundamentally different information. Although the ECG and Holter monitoring appraise conductivity within the heart, TTE assesses the mechanical function of the heart. The committee asked if any of these tests should be employed in screening asymptomatic patients with sarcoidosis for cardiac involvement.

### Summary of evidence

Our systematic review identified 1,212 potentially relevant articles. For ECG, we reviewed the full text of 13 articles and selected 4 ([@bib148]--[@bib151]). For TTE, we reviewed the full text of 30 articles and selected 2 ([@bib148], [@bib149]). For Holter monitoring, we reviewed the full text of six articles and selected two ([@bib148], [@bib152]). None of the studies compared the diagnostic test(s) to no testing; all were nonrandomized studies that reported the results of one or more diagnostic tests. Most enrolled consecutive patients who were being followed in a sarcoidosis or pulmonary clinic. No study specifically enrolled patients with sarcoidosis without cardiac symptoms; the studies either enrolled both symptomatic and asymptomatic patients or did not report whether the patients had symptoms.

ECGs were abnormal in 7% (95% CI, 4--11%) of patients with sarcoidosis. The definition of abnormal varied among studies, but all included conduction abnormalities and ventricular ectopy. Results of the two ECG studies were too different to aggregate: one study reported a sensitivity and specificity of 9% (95% CI, 1--27%) and 97% (95% CI, 86--100%), respectively, whereas the other reported a sensitivity and specificity of 92% (95% CI, 65--99%) and 73% (95% CI, 54--86%), respectively, potentially reflecting the use of different reference standards. An abnormal ECG was associated with an increased risk of cardiac events, including atrioventricular block, ventricular tachycardia, and systolic dysfunction (hazard ratio \[HR\], 11.27; 95% CI, 3.29--38.64) and a trend toward increased all-cause mortality (44% vs. 36%; relative risk \[RR\], 1.40; 95% CI, 0.80--2.42) assessed over a median follow-up of 27 years.

TTEs were abnormal in 11% (95% CI, 5--17%) of patients with sarcoidosis, typically defined as a diminished ejection fraction and/or wall motion abnormalities inconsistent with coronary artery disease. An abnormal TTE identified cardiac sarcoidosis with a sensitivity and specificity of 25% (95% CI, 10--47%) and 97% (95% CI, 86--99%), respectively. It also predicted conduction system abnormalities (58% vs. 22%; RR, 2.6; 95% CI, 1.38--4.92).

Holter monitoring was abnormal in 5% (95% CI, 1--9%) of patients with sarcoidosis. An abnormal ambulatory ECG monitor was defined as frequent premature ventricular contractions in one study, and ventricular ectopy or conduction abnormalities in the other study. Abnormal ambulatory ECG monitoring identified cardiac sarcoidosis with a sensitivity and specificity of 56% (95% CI, 40--70%) and 95% (95% CI, 87--98%), respectively.

Only one of the selected studies evaluated all three modalities in a single population, finding that ECG, TTE, and ambulatory ECG monitoring have sensitivities of 9% (95% CI, 1--27%), 25% (95% CI, 10--47%), and 50% (95% CI, 29--71%), respectively, and specificities of 97% (95% CI, 86--100%), 95% (95% CI, 83--99%), and 97% (95% CI, 86--100%), respectively ([@bib148]).

### Committee conclusions

The committee recognized the hazards of comparing diagnostic tests across studies (i.e., it is uncertain whether differences are due to the test or the population) and, therefore, heavily weighted the only study in the systematic review that evaluated all three tests within a single population ([@bib148]). Because the study found that each test alone is insensitive, the committee considered the possibility of using combinations of tests to screen for cardiac sarcoidosis with the plan to pursue advanced testing (cardiac magnetic resonance \[CMR\] and/or cardiac PET \[cPET\]) if any test is positive and to forego advanced testing if all three tests are negative. The committee began with ECG plus echocardiography, because both tests have attributes that are favorable in screening tests (i.e., they are inexpensive, noninvasive, reliable, and easily administered). If both tests are performed, their combined sensitivity (i.e., the likelihood that one of the tests will be abnormal in patients with cardiac sarcoidosis) is only 32%, providing minimal clinical utility. The committee next assessed TTE plus ambulatory ECG monitoring, because they are the two tests with the highest sensitivity. Their combined sensitivity is 63%, which was deemed insufficient for screening, particularly given that ambulatory ECG monitoring often requires more than one office visit. Finally, the committee considered ECG plus ambulatory ECG monitoring, but, again, the combined sensitivity was judged too low for routine screening.

These conclusions were supported by a more recent study that similarly assessed all three tests within a single population ([@bib153]); this study was not included in the systematic review, because it couldn't be determined if the study defined the tests as abnormal using the same criteria that were established *a priori* for the systematic review. Notably, in the first study that compared the three tests in a single population ([@bib148]), all three diagnostic tests were specific. However, the more recent study ([@bib153]) did not confirm the high specificity, and, therefore, the potential role was not pursued further.

Regardless of the tests' inability to detect cardiac sarcoidosis, ECG identified patients at increased risk of cardiac events. Given that ECG is readily available in many institutions, noninvasive, harmless, and relatively inexpensive, the committee concluded that baseline ECG was recommended to identify patients who may warrant additional evaluation.

### Recommendations

1.For patients with extracardiac sarcoidosis who do not have cardiac symptoms or signs, we suggest performing baseline ECG to screen for possible cardiac involvement (conditional recommendation, very low-quality evidence).2.For patients with extracardiac sarcoidosis who *do not have cardiac symptoms or signs*, we suggest NOT performing routine baseline TTE or 24-hour continuous ambulatory ECG (Holter monitor) to screen for possible cardiac involvement (conditional recommendation, very low-quality evidence). *Remarks:* The panel recognizes the low risks attendant to the use of TTE or 24-hour continuous ambulatory ECG (Holter monitor) to screen for cardiac sarcoidosis. Thus, these tests should be considered on a case-by-case basis.

### Research needs

The committee concluded that large research studies that compare diagnostic tests within a single population are needed to identify the optimal screening test(s) for cardiac sarcoidosis in asymptomatic individuals with sarcoidosis. Research studies are also needed to determine whether screening with CMR is warranted. Alternative screening tests for cardiac sarcoidosis should be developed and investigated, to detect cardiac sarcoidosis before it causes symptoms, and significant morbidity and mortality.

Question 9: Should Patients Who Are Suspected of Having Cardiac Sarcoidosis Undergo Cardiac MRI, TTE, or PET as an Initial Imaging Test?
----------------------------------------------------------------------------------------------------------------------------------------

### Rationale for question

Given the risks and treatment implications for accurate detection of cardiac sarcoidosis, as previously discussed, definitive detection is a high clinical priority. Endomyocardial biopsy, even when aided with electroanatomic mapping guidance, is unreliable for the detection of cardiac sarcoidosis (e.g., ∼13% diagnostic yield), and requires specialized equipment and skills, is invasive, and has potentially serious complications ([@bib10], [@bib154]). Thus, imaging techniques are more commonly used for cardiac sarcoidosis detection. TTE is the most widely available imaging procedure, and is shown in small, isolated studies to detect clinically symptomatic cardiac sarcoidosis ([@bib148]). CMR and fludeoxyglucose F 18 (^18^F-FDG) cPET are both reported to be effective for the detection of cardiac sarcoidosis ([@bib155]); however, uncertainty exists on the basis of inconclusive and conflicting reports as to which imaging modality is preferred, particularly among patients with established extracardiac sarcoidosis with suspected cardiac involvement. [Figure 2](#fig2){ref-type="fig"} demonstrates typical ECG, CMR, and cPET manifestations of cardiac sarcoidosis.

![Typical ECG and radiographic features of cardiac sarcoidosis. (*A*) ECG demonstrates first-degree A-V block (P-R interval, 200 ms) and right bundle branch block. (*B*) Cardiac magnetic resonance showing multifocal abnormal late gadolinium enhancement involving the mid- to epicardial lateral ventricular wall (arrowheads). (*C*) Cardiac positron emission tomography demonstrates intense hypermetabolic uptake of ^18^F-fluorodeoxyglucose in the lateral left ventricular wall (arrow).](rccm.202002-0251ST_f2){#fig2}

### Summary of evidence

Our systematic review identified 2,152 potentially relevant articles. No study included all three modalities; therefore, we sought studies that separately evaluated CMR, cPET, and TTE. For CMR, we reviewed the full text of 45 articles and selected 11 ([@bib156]--[@bib166]). For cPET, we reviewed the full text of 34 articles and selected 6 ([@bib164]--[@bib169]). For TTE, we reviewed the full text of 30 articles and selected 2 ([@bib148], [@bib149]). Most studies specified that the patients had "suspected cardiac sarcoidosis," defined as an abnormal ECG or cardiac symptoms, although asymptomatic patients frequently outnumbered symptomatic patients.

Cardiac MRIs were abnormal in 27% (95% CI, 23--31%). In all cases, CMR was considered abnormal if there was late gadolinium enhancement (LGE). An abnormal CMR was associated with increased overall mortality (9.9% vs. 4.7%; RR, 2.54; 95% CI, 0.38--17.16), cardiac mortality (13% vs. 1.5%; RR, 9.00; 95% CI, 1.93--41.97), aborted sudden cardiac death (28% vs. 0%), ventricular arrhythmias (38% vs. 3.6%; RR, 11.71; 95% CI, 2.59--52.92), diastolic heart failure (67% vs. 33%; RR, 2.0; 95% CI, 1.39--2.88), other heart failure (47% vs. 4%; RR, 11.88; 95% CI, 3.69--38.21), atrial arrhythmias (36% vs. 12%; RR, 3.01; 95% CI, 1.53--5.93), complete heart block (12% vs. 1.4%; RR, 9.5; 95% CI, 1.10--81.72), and PH (25% vs. 8%; RR, 3.17; 95% CI, 1.19--8.39). In addition, three studies reported a markedly increased risk of major cardiac events (i.e., ventricular arrhythmias, sudden cardiac death, implantable cardioverter--defibrillator shocks, etc.), but the estimates could not be pooled due to differential reporting across studies. Sensitivity and specificity were deemed biased estimates, because CMR is a component of the reference standard.

cPET scans were abnormal in 52% (95% CI, 43--60%) of patients with sarcoidosis, using a variety of definitions of "abnormal." An abnormal cPET scan was associated with major adverse cardiac events, although the estimate could not be pooled due to differential reporting across studies and was associated with a trend toward increased overall mortality (HR, 1.33; 95% CI, 0.68--2.26). Sensitivity and specificity were deemed biased estimates, because cPET scanning is a component of the reference standard.

TTEs were abnormal in 11% (95% CI, 5--17%) of patients with sarcoidosis, typically defined as a diminished ejection fraction and wall motion abnormalities inconsistent with coronary artery disease. An abnormal TTE identified cardiac sarcoidosis with a sensitivity and specificity of 25% (95% CI, 10--47%) and 97% (95% CI, 86--99%), respectively. It also predicted conduction system abnormalities (58% vs. 22%; RR, 2.6; 95% CI, 1.38--4.92).

Three studies evaluated both CMR and cPET, thereby enabling comparison of the tests within a population ([@bib164]--[@bib166]). In one study, adverse cardiac events were better predicted by CMR (HR, 10.63; 95% CI, 1.4--80.78) than cPET (HR, 2.29; 95% CI, 0.72--7.33) ([@bib166]). This was supported by another study, although the outcome measures were different for CMR (RR, 8.33; 95% CI, 1.18--58.51) and cPET (HR, 3.3; 95% CI, 1.1--10.0) ([@bib164]). The third study compared sensitivity and specificity, which the panel deemed too biased to report ([@bib165]).

### Committee conclusions

The guideline panel recognized that comparing the diagnostic accuracy of CMR with LGE to cPET was difficult due to: *1*) the lack of a reference standard that is independent of both tests; and *2*) lack of studies that directly compared the tests in large cohorts of patients with suspected cardiac sarcoidosis. Regarding the former, the tests themselves are included in the reference standards used by most of the studies we reviewed (2006 Japanese Ministry of Health and Welfare diagnostic criteria include CMR as a minor diagnostic criterion \[[@bib170]\] and the Heart Rhythm Society diagnostic criteria rely on either CMR or cPET for diagnosis of cardiac sarcoidosis \[[@bib10]\]), which means that sensitivity and specificity are biased estimates. Nonetheless, the selected studies clearly demonstrate that TTE has a lower sensitivity for cardiac sarcoidosis detection.

The clinical importance of CMR-LGE abnormalities is supported by several observations: *1*) CMR-LGE has direct histopathological correlation with CS ([@bib157]); *2*) the prevalence of CMR-LGE abnormalities among patients with sarcoidosis approaches the prevalence of CS reported by serial autopsies ([@bib157], [@bib163], [@bib171]); *3*) the absence of CMR-LGE findings predicts no serious cardiac events for at least 3 years to follow ([@bib172]); and *4*) the extent of LGE correlates with the risk of future adverse events ([@bib173]). Likewise, ^18^F-FDG PET uptake has been shown to predict future adverse cardiac events ([@bib174]).

The body of evidence supporting the prognostic capability of CMR is larger than that supporting cPET. Moreover, CMR is less expensive, more widely available, and less prone to the false-positive results, such as those that can result from failure to convert cardiac myocyte metabolism fully away from carbohydrates. cPET may be less reproducible, despite identical patient preparation ([@bib175]). On the basis of these considerations, CMR emerged as the preferred modality for imaging patients with suspected cardiac sarcoidosis, with the caveats that CMR with LGE is contraindicated in the setting of advanced kidney disease, and considering emerging evidence indicating that CMR and cPET are complementary for the detection of myocardial fibrosis and inflammation, respectively ([@bib176]). It should be emphasized that these imaging technologies are continually advancing; thus, the capacity to detect clinically important cardiac sarcoidosis manifestations are expected to further improve in coming years.

The committee recognizes that subclinical cardiac involvement may develop over time in some patients with sarcoidosis based on advanced imaging modalities, such as CMR or cPET, but the committee does not recommend routine screening (e.g., ECG, TTE, CMR, and cPET) for cardiac sarcoidosis in those who are asymptomatic ([Table 5](#tbl5){ref-type="table"}). This recommendation is based on the current consensus that clinically silent cardiac sarcoidosis is associated with a benign prognosis ([@bib177]).

### Recommendations

1.For patients with extracardiac sarcoidosis and suspected cardiac involvement, we suggest cardiac MRI, rather than cPET or TTE, to obtain both diagnostic and prognostic information (conditional recommendation, very low-quality evidence).2.For patients with extracardiac sarcoidosis and suspected cardiac involvement who are being managed in a setting in which cardiac MRI is not available, or when CMR results are inconclusive, we suggest dedicated cPET, rather than a TTE, to obtain diagnostic and prognostic information (conditional recommendation, very low-quality evidence).

### Research needs

Future studies are encouraged to develop disease-specific biomarkers of granulomatous inflammation that could further enhance the performance of existing imaging techniques. For example, combined use of CMR and cPET, or integration of CMR-LGE with T1 or T2 parameters, may improve the detection of acute and chronic disease manifestations ([@bib177]). Newer applications of PET are being developed, such as imaging based on deoxy-3′-\[18F\]-fluorothymidine ([@bib178]) or 4′\[methyl-^11^C\]-thiothymidine uptake ([@bib179]), which have the advantage of not requiring dietary restriction, as per ^18^F-FDG PET. Larger studies are needed to further validate these newer imaging modalities and combinations before strong recommendations can be offered on the basis of the rigorous Grading of Recommendations, Assessment, Development, and Evaluation approach upon which clinical practice guidelines are based. Research is also needed to develop readily available biomarkers (e.g., blood derived) to serve as convenient and less-expensive surrogates for advanced imaging modalities and to guide therapy.

Question 10: Should Patients with Sarcoidosis Who Are Suspected of Having PH Undergo TTE?
-----------------------------------------------------------------------------------------

### Rationale for recommendation

Sarcoidosis-associated PH (SAPH) occurs in 5--20% of patients seen in sarcoidosis clinics ([@bib180]--[@bib183]). Nearly half of patients with sarcoidosis with persistent dyspnea have been found to have SAPH ([@bib184], [@bib185]), and SAPH is an independent risk factor for increased mortality in sarcoidosis ([@bib181], [@bib186]). Other clinical manifestations, including exertional chest pain and/or syncope, exam findings of a prominent P2 or S4, reduced 6-minute walk distance, desaturation with exercise, reduced D[l]{.smallcaps}~CO~, increased pulmonary artery diameter relative to ascending aorta diameter (e.g., by CT scan), elevated brain natriuretic factor, and fibrotic lung disease, are proposed as methods to identify patients at risk for SAPH ([@bib182], [@bib184], [@bib187]--[@bib189]), but these clinical parameters are unreliable. TTE is the most commonly recommended method to initially screen for the presence of PH ([@bib189], [@bib190]). Thus, we investigated the utility of TTE in the evaluation of possible SAPH.

### Summary of evidence

Our systematic review identified 137 potentially relevant articles; the full text of 13 was reviewed and 9 were selected. None of the studies compared TTE to no testing; rather, all were nonrandomized studies that selected patients with sarcoidosis (most enrolled patients who had persistent respiratory symptoms despite treatment of their sarcoidosis) and reported the frequency of abnormal TTE results ([@bib180], [@bib184], [@bib191]--[@bib197]). Some studies also reported the rate of confirmation by right heart catheterization. Of note, the definition of PH has evolved through the years, which may bias the populations included in our literature review.

TTE identified abnormalities suggestive of PH (i.e., high estimated systolic pulmonary arterial pressure) in 29% (95% CI, 20--39%) of patients. Among those with an abnormal TTE, 78% (95% CI, 67--86%) were subsequently confirmed to have PH by right heart catheterization, indicating that 78% of the abnormal TTEs were true positives and 22% were false positives. The proportion of patients with confirmed PH for whom treatment was initiated or changed was not reported in any of the studies.

An association between PH and lung disease severity was noted in the systemic review. Patients with PH had more severe lung disease than patients without PH, with a mean difference of the percent predicted FVC of −16.5% (95% CI, −22.4% to −10.6%). Although not selected during the systematic review, another series known to committee members found that impaired diffusing capacity is also correlated with PH, perhaps even more than diminished FVC, but the correlation between TTE and right heart catheterization pressures was most reliable ([@bib198]).

The systematic review had several limitations. One was the criteria for identifying PH by TTE. The studies that we selected estimated right ventricular end systolic pressure (or pulmonary artery systolic pressure) based on tricuspid regurgitation (TR). However, up to one-third of patients do not have a sufficient TR jet to estimate pressure. TTE may identify right ventricular strain due to PH, but this alternative measure was not accounted for in the selected studies. Guidance on how to use evidence of right ventricular strain to detect pulmonary artery hypertension has been published elsewhere ([@bib190]).

Another limitation was the inability of elevated pulmonary artery pressure identified by TTE to distinguish between precapillary PH and elevated pressure due to left ventricular dysfunction. These different types of PH have different causes and treatment ([@bib190]), and different prognoses. In one study, patients with sarcoidosis with precapillary PH had worse survival than those with left ventricular dysfunction ([@bib185]).

### Committee conclusions

The evidence suggests that if TTE is performed on patients with sarcoidosis with suspected PH (i.e., persistent dyspnea despite treatment of their sarcoidosis), 29% will be abnormal, among which PH will be confirmed by right heart catheterization in roughly three-fourths and excluded in one-fourth. The committee concluded that TTE is a worthwhile screening test for suspected SAPH, because TTE abnormalities are prevalent and correlate directly with PH severity ([@bib185]), but falsely abnormal TTE is too common to justify decision-making based on TTE alone. Right heart catheterization is necessary to confirm PH and to distinguish postcapillary PH (World Health Organization group II PH) from pre-capillary PH (World Health Organization group V PH), which are managed differently. Appropriate therapy has been shown to improve outcomes ([@bib183], [@bib199]--[@bib201]), although the finding has not been universal ([@bib202]).

### Recommendations

1.For patients with sarcoidosis in whom PH is suspected, we suggest initial testing with TTE (conditional recommendation, very low-quality evidence). *Remarks*: "PH is suspected" refers to clinical manifestations, including exertional chest pain and/or syncope, exam findings of a prominent P2 or S4, reduced 6-minute walk distance, desaturation with exercise, reduced D[l]{.smallcaps}~CO~, increased pulmonary artery diameter relative to ascending aorta diameter (e.g., by CT scan), elevated brain natriuretic factor, and fibrotic lung disease.2.For patients with sarcoidosis in whom PH is suspected and a transthoracic echocardiogram is suggestive of PH, we suggest right heart catheterization to definitively confirm or exclude SAPH (conditional recommendation, very low-quality evidence).3.For patients with sarcoidosis in whom PH is suspected and a transthoracic echocardiogram is NOT suggestive of PH, the need for right heart catheterization should be determined on a case-by-case basis.4.Finally, routine screening for SAPH is unnecessary in those who are asymptomatic ([Table 5](#tbl5){ref-type="table"}).

### Research needs

The impact of underlying sarcoidosis on echocardiogram needs to be better defined. Sarcoidosis can directly affect the heart, including the right and left ventricle. In addition, parenchymal lung disease, especially pulmonary fibrosis, and hilar adenopathy impact the pulmonary artery architecture. Future studies are needed to better understand how such changes affect the accuracy of the echocardiogram. The estimated pulmonary artery pressure is based on TR, the severity of which may be influenced by right heart failure. The value of other radiographic features for predicting right ventricular failure is demonstrated in other forms of PH ([@bib190]), and this needs to be considered in sarcoidosis; for example, CMR can visualize the right ventricle, and may provide a more reliable evaluation of right ventricular performance. Future studies are needed to evaluate the diagnostic and prognostic value of biomarkers, such as pro-BNP, to augment the detection and management of PH among patients with sarcoidosis ([@bib181], [@bib203])

Conclusions
===========

Committee members concur that there is a pressing need for higher-quality evidence to guide clinical practice relating to the diagnosis and detection of sarcoidosis, and to better define the natural history of disease progression in each organ system. A large body of related data has been published, but very few of these studies were properly designed to guide clinical practice. Nonetheless, this document establishes the current standards of care based on a rigorous and unbiased analysis of the available data, and provides direction for future investigations to further refine clinical practice to improve diagnosis and detection of sarcoidosis. [Figure 3](#fig3){ref-type="fig"} provides an algorithm that incorporates the recommendations of these guidelines within the scope of clinical practice for the diagnosis and detection of sarcoidosis.

![Schematic of recommended diagnostic algorithm. The figure outlines a general approach to the diagnosis of sarcoidosis and refers to tables presented with this article. PICO = problem, intervention, comparison, outcome question format.](rccm.202002-0251ST_f3){#fig3}
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